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Abstract 
 
This study aimed to identify and mitigate risks in tobacco supply chain in Temanggung Regency, Central Java Province, 
Indonesia, based on risk management principles in ISO 31000: 2009. The mitigation plan was composed by using tool of 
analytical network process (ANP).  The results showed that the risk that were classified as avoidance risk at farmer level are 
weather, capital access, the price and quantity. At the middlemen level are impurity of quality, capital access, the price 
and quantity. And at the level are supplier quality variances, capital access, the price and quantity. Based on the ANP method, the 
fit strategy to mitigate risk bothered by the development of seeding technology. 
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1. Introduction 
Temanggung is famous for its tobacco industry (IHT) that produce cigarettes with high nicotine and tar contained 
(Mamat, 2006). This industry contributes to 70-80 % of farmer income. Temanggung tobacco is a distinguish 
tobacco regarding to its flavours that could be authenticated (Dalmadiyo, 1996).  Temanggung tobacco composes 
18% of the total Indonesian tobacco yield in 2011 (Cece, 2012). However due to climate change issue and its effect 
to farming yield, there is a necessary to observe this impact on its supply chain as measured according to risk 
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management principles in ISO 31000: 2009. This guideline prompt a preventive effort that can be implemented to 
anticipate negative impact of emerging risks. Here, this research is aimed to: 1) Describe tobacco supply chain 
system in Temanggung, Central Java, Indonesia; 2) Identify risks in tobacco supply chain system; and 3) Plan a risk 
mitigation. 
2. Methods 
Data of tobacco yield produced at several areas located in the scarp of Sumbing Mountain taking range from 
December 2013 until April 2014 as the harvesting season. The sample size consist of 20 farmers, 5 middlemen, and 
5 suppliers. The analysis was following by depicting supply chain of tobacco including its value chain and its 
correlation to margin gained at each tier of supply chain at Temanggung. The risk analysis was constructed by risk 
mapping, risk classifying and followed by the risk mitigation plan. Particularly, the mitigation plan was strengthened 
by applying analytical network process (ANP) method combined with decision making trial and laboratory 
(DEMATEL) method to prompt a more comprehensive plan in mitigating the appear risks according of its criteria.  
3. Results and discussion 
3.1 Tobacco Supply and Value Chain Analysis 
Tobacco supply chain at Temangguung as shown at Figure 1, while value chain analysis is with Figure 2. In the 
ideal condition, the process of “perajangan” should give the highest margin value of 54,260.20 IDR/kg of 
dried tobacco. However, the actual showed that the margin is varied frequently as encountered by several farmer 
groups who suffered a loss up to 25 percent. Each tier becomes price taker since this price recovery is determined 
according to the quality and quantity of yielded tobacco that categorized according to the demand requirements 
(warehouses). 
 
Farmers Middlemen Suppliers Factory warehouse
Tier 1 Tier 2 Tier 3 Tier 4
T=1 days
Qprod=1003 kg/Ha/years
T=1 days T=1 days
D =4370 kg/person/years
Cp = Rp. 633.000,00/40 kg
Q = 40 kg/
delivery
Q = 40 kg/
delivery
Q ≥ 2000 kg/
deliveryT=150-
180 days
D =40000 kg/person/years
H = Rp. 548.354,90/40 kg
S = Rp. 2.890.934,00/40kg
H = Rp. 5.000,00/40 kg
S = Rp. 3.270.934,00/40kg
H = Rp. 5.000,00/40 kgS = 422.378,00/40 kg
Note : Qprod  = yield per farmers/year; Cp = farming costs; s = setup, procurement, or buying costs; H = handling, storage costs; D = quantity 
kg/year/people 
    These data based on surveyed respondents. 
Fig 1. Tobacco Supply Chain System in Temanggung 
Source: Processed Data 
 
Seeding Tobacco planting
Dried tobacco 
processing
Tobacco 
colecting 
by middlemen
Tobacco 
colecting 
By supplier
Factory 
warehouse
Farmers
Middlemen
Supplier
Rp. 110,71 Rp. 2.223,21 Rp.13.750,00 Rp.68.010,20 Rp. 77.585,24 Rp. 86.135,27
Rp. 2112,50 Rp. 11.526,79 Rp. 54.260,20 Rp. 9.575,04 Rp. 8.550,04
Value
Margin
 
Fig 2. Value Chain Analysis 
3.2 Risk Management 
3.2.1 Risk Identification 
Risk identification carried out for each tier in its supply/value chain. This was done through an indept interview 
with risk owner for each tier. It was purposed to explore risk types and its likelihood as acknowledged by risk 
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owners hence the miss interpretation could be minimized. Risk type that potential to appear in tobacco supply chain 
at Temanggung is as shown in table 1.  
3.2.2 Risk analysis  
These risk in table 1 were then divided into four categories in accordance with the assessment of Rapid 
Agricultural Supply Chain Risk of Wold Bank (2008). That are weather risk, environmental and biological risk, 
market risk, operational and management risk. Each of these risk has a varying impact to each tier in tobacco supply 
chain. Nevertheless, as shown in Table 2, although each tier in tobacco value chain has different risk but it was 
interrelated. For instance, the weather risk would affect quality degradation, and in further it would cause the 
following tier to mix the purchased tobacco from local area with other areas. The quality variance also affects the 
margin for middlemen and suppliers.  
The analysis of the frequency and impact of the risk, were processed by risk mapping and it was completely 
depicted in figure 3. By this mapping it is known that the risk that were classified as avoidance risk at farmer level 
are weather, capital access, the price and quantity. For the middlemen level, impurity of quality, capital access, the 
price and quantity of tobacco are avoidance risk for this level. And at supplier level, they avoid risks of quality 
variances, capital access, the price and quantity. 
 
Table 1. Risk identification 
Tier Chain Actor Activity Risk Code 
Tier 1 Pre-Harvesting Farmers Preparation Capital access R.1.1 
      Cultivation Wizened root R.1.2 
        Pest R.1.3 
        Curled leaves R.1.4 
        Hard leaves R.1.5 
        Weather R.1.6 
  Harvesting Farmers Harvesting Quantity R.1.7 
      Dried tobacco processing Rotten R.1.8 
        Reek leaves R.1.9 
        Water contain R.1.10 
      Selling Unsold R.1.11 
        Unpaid R.1.12 
        Price R.1.13 
Tier 2 Collecting 1 Middlemen Buying Capital access R.2.1 
        Quality R.2.2 
        Quantity R.2.3 
        Price R.2.4 
      Storage Insect R.2.5 
        Water contain R.2.6 
      Selling Price R.2.7 
        Unpaid R.2.8 
        Rejection R.2.9 
Tier 3 Collecting 2 Supplier Buying Capital access R.3.1 
        Quality R.3.2 
        Quantity R.3.3 
        Price R.3.4 
      Storage Insect R.3.5 
        Water contain R.3.6 
      Selling Rejection R.3.7 
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                                  a            b                   c 
Fig 3. Risk mapping at farmers (a), middlemen (b), and suppliers (c) 
3.2.3 Risk Mitigation 
As a plan to minimize the impact, risk mitigation is obtained by using the ANP tool. The analysis starts with 
building clusters, criteria and elements as approached by top-down policy which is by examining the regulations of 
tobacco farming. This policy is in comply with the act of Director General of Agro and Chemical Industry, the 
Ministry of Industry 2009 (Roadmap IHT, 2009) and Surat Edaran Bupati Temanggung (Temanggung Regency 
Rule) No. 520/01520/2013. The bottom-up approach was also done based an indepth interview with farmers, 
middlemen and suppliers. Composition of clusters, criteria and elements for ANP construction is shown in Table 3. 
3.2.4 Dematel Analysis 
This analysis is to enable that the network between cluster, criteria, and elements of the ANP are have a goodness 
of fit. Dematel analysis is to test whether cluster, criteria, and elements are interrelated (Yang, et al, 2008). The 
result is shown in Table 4. The yellow mark cell show that there is correlation between cluster, criteria, and 
elements. 
3.2.5 Decision Making Using ANP with the consideration of benefit, cost and risk. 
Benefit, cost, opportunity and risk factors are the adoption of ANP. Through these factors, the analysis will be 
simplified since the clarification of the impact of each factor to the decision is clearly explained. However, the 
comparison between elements belong to each factor often encounter difficulties due to unclear definition of the 
benefits, costs, or risks that arise as a result of the decision (Saaty and Vargas, 2012).  In this research, the decision is 
only concerning to benefit, cost and risk which affirms to the decision alternatives. All elements and criteria were 
classified and calculated into benefit, cost, and risk (see Table 5).  
Based on the result, the development of cultivation techniques contributes 6.96 point which is the highest rather 
than other two alternatives. This indicates that mitigation plan in the tobacco supply chain is mainly associated with 
the margin earned by each tier. Cultivation techniques affect the risk occurs at farmers, middlemen and supplier in 
further. The development of seed technology is such a solution that could overcome price instability (the highest 
point in cultivation techniques, see Table 5 in developing cultivation techniques alternative). Seed technology could 
produce good tobacco seed that resist to climate change. (Djumali and Elda, 2012). 
 
               Table 2. Risk for each tier in the value chain 
Risk Pre-Harvest Harvesting  Collecting (Middlemen) Collecting (Supplier) 
Weather weather, wizened root, 
curled leaves, hard 
leaves 
quantity, rotten leaves, 
reek leaves, water 
contain 
quality, quantity  quality, quantity  
Environmental 
and biological 
Pest   insect  insect  
Market   unsold, unpaid price, unpaid, rejection price, unpaid 
Management and 
operational 
capital access   capital access, water 
contain 
capital access, water 
contain 
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          Table 3. Cluster, criteria, and elements of Strategy 
Cluster Criteria Element Roadmap Government Rule Survey 
Developing cultivation techniques Soil fertility Cropping pattern (A) v v v 
    Irrigation tech (B) v v 
  Cultivation Pest tech (C) v v v 
    Fertilization tech (D) v v v 
    Seeding tech (E) v v v 
Trading system improvement Price stability Price standard (F) v v v 
    Partnership (G) v v v 
    Product diversification (H) v 
    Supply-demand control (I) v v 
Institutional development Source of capital Non-formal institution (J) v v 
    Formal institution (K) v v v 
  Mechanism Gaining speed (L) v v v 
    Interest rate (M) v v v 
    Payment (N) v v v 
Source: Roadmap IHT 2009, Surat Edaran Bupati Temanggung No. 520/01520/2013, and Indepth interview 
4. Conclusion 
From this research, it can be drawn several facts that: 1) Parties in tobacco supply chain in Temanggung Central 
Java are farmers, middlemen and suppliers; 2) The profitability (margin) level for each tier in tobacco supply chain 
are influenced by weather risks, market risk, and operational management risk; 3) All tiers concern to take capital 
access, price and quantity as avoidance risk. They differ to certain risk which farmer inquire the weather risk,  the 
middlemen are reluctant to the impurity of quality and the suppliers react to the quality variances; 4) Based on the 
result based on ANP method, the fit strategy to overcome the price instability was the development of cultivation 
technology that focus on seed technology that able to produce a tobacco seed that resist to climate change. In further, 
this strategy can minimize the risk of tobacco yielding and marketing. 
 
                          Table 4. Total Interrelationship Matrix (Matrix T) 
 
A B C D E F G H I J K L M N 
A 0.07 0.13 0.12 0.12 0.12 0.12 0.06 0.09 0.14 0.01 0.01 0.01 0.01 0.02 
B 0.13 0.04 0.11 0.10 0.10 0.04 0.03 0.02 0.12 0.01 0.01 0.00 0.00 0.01 
C 0.12 0.11 0.04 0.10 0.11 0.08 0.04 0.02 0.12 0.01 0.01 0.01 0.01 0.01 
D 0.12 0.10 0.10 0.04 0.10 0.06 0.03 0.02 0.12 0.01 0.01 0.01 0.01 0.01 
E 0.13 0.10 0.11 0.11 0.05 0.11 0.04 0.02 0.14 0.01 0.01 0.01 0.01 0.01 
F 0.17 0.13 0.13 0.13 0.14 0.07 0.12 0.10 0.15 0.06 0.06 0.03 0.03 0.11 
G 0.21 0.16 0.16 0.16 0.16 0.20 0.08 0.12 0.18 0.14 0.15 0.13 0.13 0.15 
H 0.11 0.04 0.04 0.04 0.04 0.11 0.09 0.02 0.11 0.02 0.02 0.01 0.01 0.02 
I 0.14 0.10 0.11 0.10 0.12 0.12 0.10 0.03 0.06 0.02 0.02 0.01 0.01 0.02 
J 0.19 0.07 0.06 0.07 0.07 0.18 0.15 0.05 0.08 0.08 0.16 0.16 0.16 0.17 
K 0.19 0.07 0.06 0.07 0.07 0.18 0.15 0.05 0.08 0.16 0.08 0.16 0.16 0.17 
L 0.20 0.12 0.12 0.14 0.12 0.20 0.07 0.11 0.16 0.14 0.15 0.06 0.13 0.14 
M 0.08 0.05 0.05 0.05 0.05 0.14 0.05 0.03 0.05 0.14 0.14 0.13 0.05 0.14 
N 0.07 0.04 0.04 0.04 0.04 0.07 0.04 0.02 0.04 0.14 0.14 0.12 0.12 0.05 
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Table 5. Calculation of benefit, cost and risk of alternatives 
 
Alternatives Criteria Element B C R Outcome Outcome 0,33 0,33 0,33 B/CR bB - cC - rR 
Developing cultivation techniques Soil fertility Cropping pattern (A) 0,08 0,13 0,09 6,44 -0,05 
    Irrigation tech (B) 0,04 0,07 0 - -0,01 
  Cultivation Pest tech (C) 0,03 0,05 0 - -0,01 
    Fertilization tech (D) 0,02 0,05 0 - -0,01 
    Seeding tech (E) 0,06 0,05 0 - 0,01 
Trading system improvement Price stability Price standard (F) 0,09 0,06 0,19 9,03 -0,05 
    Partnership (G) 0,16 0,15 0 - 0,01 
    Product diversification (H) 0,03 0,09 0,09 3,51 -0,05 
    Supply-demand control (I) 0,04 0,07 0,02 31,7 -0,02 
Institutional development Source of capital Non-formal institution (J) 0 0,13 0,22 0 -0,12 
    Formal institution (K) 0,24 0,08 0 - 0,05 
  Mechanism Gaining speed (L) 0,13 0 0,17 - -0,01 
    Interest rate (M) 0,04 0,06 0,17 4,21 -0,06 
    Payment (N) 0,04 0,02 0,05 32,4 -0,01 
Developing cultivation techniques 0.23 0.35 0.09 6.96 -0.07 
Trading system improvement 0.32 0.36 0.29 3.04 -0.11 
Institutional development 0.46 0.29 0.62 2.53 -0.15 
References  
Cece. 2012. Tobacco Temanggung. Researcher Agency for Tobacco and Fiber Plant. Malang 
Dalmadiyo, G. 1996.  Tobacco Temanggung and Temanggungan. Researcher Agency for Tobacco and Fiber Plant. Balittas. Malang. 
Djumali and Elda N. 2012. The Physiology Response of Tobacco in Temanggung Against Dosage Nitrogen Fertilizer and Its Relation with Yield 
and Quality of Tobacco. Researcher Agency for Tobacco, Fiber and Oil Plant industry. 
Horticulture, Forestry and Recreation Resources, Kansas State University (HFFR KSU) 
Mamat. 2006. Analysis of Quality, Productivity, Sustainability and The Instruction to Develop Tobacco Business in Temanggung, Central 
Java. Dissertation: Graduate School, IPB 
Rapid Agriculture Supply Chain Risk Assesment Wold Bank (2008) 
Roadmap of Tobacco Processing Industry., 2009. Directorate General of Agriculture and Chemical Industries of Department of Industry. Jakarta 
Saaty, T., L. and Vargas, L., G. 2012. Decision Making with Analytical Network Process. RWS Publications, Pittsburgh, USA 
Surat Edaran Bupati Temanggung No. 520/01520/2013 
Yang, Y.P.O., Shieh, H.M., Leu, J.D., Tzeng, G.H. 2008. A Novel Hybrid MCDM Model Combined with DEMATEL and ANP with 
Applications. International Journal of Operations Research. Vol. 5, No. 3, 160-168 
